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(54) Multi-layer printed circuit boards 



(57) A multilayer printed circuit board, in which the risk of damage during removal and replacement of 
components is reduced, is formed from layers of epoxy-glass carrying conductors (6,7). Connection 
pins (3) of components (2) mounted on a face of the circuit board (1) extend through holes (8) in the 
circuit board (1) and protrude from the opposite face. A polyimide-glass layer (1 3) covers the opposite 
face of the circuit board (1) and carries conductive pads (9) for connection to the ends of the pins (3) 
by means of solder (14). The polyimide-glass (13) has a higher transition temperature (260°C-280°C) 
than that of the epoxy-glass (1 20°C) so that it suffers minimal loss of adhesion to the pads (9) at the 
temperature of the molten solder (220*C-250°C). 
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SPECIFICATION 

Improvem nts in or relating to printed cir- 
cuit boards 

5 

Background to the invention 

This invention relates to printed circuit 
boards, and especially to printed circuit 
boards which facilitate the removal and re- 

10 placement of components. 

It is common to mount complex electronic 
components on printed circuit boards by in- 
serting pins of the components into plated 
through-holes of the circuit and soldering 

1 5 them in place. The plated through-holes nor- 
mally provide connections between the pins 
and conductive material forming part of the 
circuit and situated at different levels of the 
board, which is usually fabricated of epoxy- 

20 glass material. 

If it is necessary to remove a component, 
for example to replace it because it is faulty, it 
is found that the heat used to melt the solder 
tends to cause the board to expand and 

25 damage thTT circuitry of the board. The prob- 
lem is especially serious with modern very- 
large-scale integrated-circuit components 
mounted in so-called pin grid array packages. 
Th large number of densely packed pins in 

30 such an array (typically above 1 00) requires 
the solder for all the pins to be melted simul- 
taneously if the process is not to be inconveni- 
ently long. The great amount of heat that is 
therefore applied, and the relatively great 

35 thickness of the board which is needed to 
provide the large number of interconnections 
required, then exacerbate the expansion prob- 
lem and hence the damage to the board. Yet, 
because those components are expensive, it is 

40 all the more desirable to repair a board rather 
than to discard it. It has indeed been sug- 
gested that the only solution to the problem is 
to use sockets, which are soldered into the 
board. The components are then plugged into 

45 the sockets, but this method increases both 
the cost and the bulk of the board and may 
decrease reliability. 

Summaries of the invention 

50 The invention provides a multilayer printed 
circuit board including alternate layers of 
epoxy-glass and conductive material; a poly- 
imide-glass layer on one face of the circuit 
board; and conductive pads on the outer face 

55 of the polyimide-glass layer for connection to 
component connection pins; the arrangement 
being eff ctive to reduc the risk of damage 
to th circuit board during removal and re- 
placement f c mponents mounted thereon. 

60 The inv nti n also provides a method of 
manufacturing a multilayer printed circuit 
board assembly including th st ps of; form- 
ing a stack by bonding t gether a plurality of 
e P xy-glass layers carrying conductiv por- 

65 tions and an verlying layer of polyimide-glass 
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having conductiv ar as including conductive 
pads on its out r face; locating a comp nent 
having connection pins on the circuit b ard so 
that at least some of the connection pins 

70 engage said conductive pads; and soldering 
the pins to the pads. 

Advantageously a substantially complete 
layer of conductive material extends between 
the polyimide-glass layer and the adjacent 

75 epoxy-glass layer. 

Preferably the polyimide-glass and epoxy- 
glass layers are pre-cured and bonded by 
completing the cure of sheets of pre-preg 
interleaved between the said layers, one sheet 

80 of pre-preg being adjacent to the said substan- 
tially complete layer of conductive material. 

Brief description of the drawings 
A printed circuit board constructed in accor- 
85 dance with the invention will now be de- 
scribed in greater detail, by way of example, 
with reference to the accompanying drawing, 
in which: 

Figure 1 is a section through a part of the 
90 board, also showing a part of a mounted 
component; 

Figure 2 is a plan view (without the compo- 
nent) of the part of the board shown in Figure 
1 as seen from above; and 
95 Figure 3 is a diagram showing the disposi- 
tions of holes in a region of a board associ- 
ated with an individual component. 

Description of preferred embodiment 

100 Referring to Figures 1 and 2, the board, 
indicated generally by the reference numeral 
1, is shown carrying a component 2. The 
component 2 is a pin grid array package 
having a large number of pins (e.g. 1 35 or 

105 1 79) of which only one pin 3 is shown. 

The board 1 is a multilayer board (not all 
the layers being shown) and contains, as is 
well known, conductive material in internal 
layers inter-connected by plated through- 

110 holes. One such hole, a hole 4 is shown, 
having plating 5. The internal layers may be 
voltage (i.e. earth or power) planes or signal 
planes. A plane & is an example of a voltage 
plane, which consists of a substantially uni- 

1 1 5 form layer of conductive material that makes 
contact with some through-holes but is perfo- 
rated to allow others to pass through it with- 
out making contact. The signal planes contain 
various conductive tracks, such as track 7 

120 shown as an example making contact with the 
plating 5 of the hole 4. It will be realised that 
many ther layers will be provided for a board 
that carries pin-grid array packag s. 

Plated through-holes, such as the hole 4, 

125 do not carry pins of a component. Inst ad 
such pins are carried by holes such as a h le 
8 shown carrying the pins 3. Th se hoi s ar 
free of plating on their internal walls. 
Th mouth f th hole 8 at the face of the 

1 30 board 1 remote from the compon nt 2 is 
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surrounded by a pad 9. Th pad 9 is con- 
nected by a surface track 1 0 to a pad 1 1 , 
surr unding th mouth f th hole 4 and 
connected to its plating 5. In this embodiment 
5 each other non-plated hole is similarly linked 
to a plated through-hole. 

A layer 1 2 of solder resist is applied to cap 
all the plated through-holes but leaves the pad 
9 and all other pads round non-plated holes 
10 exposed. 

The bulk of the board is constructed from 
epoxy-glass in which are situated the conduc- 
tive layers. The boundary of the epoxy-glass is 
the voltage plane 6, on the other side of 
1 5 which is a layer of polyimide-glass 1 3. 

To mount a component, its pins are inserted 
in the non-plated holes and the face contain- 
ing the pad 9 and similar pads is moved 
relative to a tin-lead solder wave, which leaves 

20 a fillet 14 of solder connecting the pad 9 to 
the pin 3 and similarly connects the other 
pins to the board. Solder does not enter non- 
plated holes to any appreciable extent and is 
kept out of plated through-holes by the solder 

25 resist 1 2, which also acts as a thermal barrier. 
If it is then desired to remove a component 
the board is suspended above a tin-lead solder 
wave, the solder of all the pins of the compo- 
nent melted and the component removed. 

30 After the component has been removed any 
solder bridging the holes is gently blown away 
before it has solidified using air, which may 
be warmed. With the holes thus cleared a 
replacement component may then be inserted 

35 and soldered in place. If required the compo- 
nent at a given position may be changed a 
number of times. It will therefore be realised 
that economical repair or modification of the 
board is facilitated. 

40 It is found that a pin grid array package 
may be unsoldered and removed in three to 
five seconds and with negligible damage to 
the board. This may be compared with the 
situation when the pins of the package are 

45 soldered in plated through-holes of a board 
that is constructed using epoxy-glass as the 
dielectric throughout. It is then found that it 
takes some 10 seconds to melt the solder, 
and even if the solder of each pin is melted 

50 individually and removed by suction it is 
found that damage occurs at a considerable 
number of holes. The damage consists usually 
of pads lifting round their peripheries and 
possibly of the joints between internal conduc- 

55 tive layers and the hole plating fracturing. It 
occurs because the length of time the board is 
exposed to the temperature of molten tin-lead 
solder (220°C to 250X) coupled with the 
efficient path for conduction of heat afforded 

60 by th solder in th hoi s results in th 

temperature f th epoxy-glass mat rial in the 
interior of the board rising above its transition 
temperature of 120°C. Above this tempera- 
tur its rate of expansi n ris s rapidly and the 

65 xpansion of th p xy-glass material in th 



direction across the board is greater than the 
expansion of the conductive material. At the 
same tim the adhesi n betwe n the conduc- 
tive material (normally copper) and th poxy- 
70 glass material is much reduced. 

The function of the pofyimide-glass layer 1 3 
will now be explained. Polyimide-glass ma- 
terial has a transition temperature of 260X to 
280°C. It therefore suffers minimal loss of 
75 adhesion to pads at the temperature of 220* 
to 250* of the solder wave, and the pads 
have good adhesion to the polyimide-glass 
layer. Consequently they do not lift to any 
appreciable extent even though they no longer 
80 have the anchorage previously provided by 
the internal plating. However, the bulk of the 
board is of epoxy-glass, which is cheaper than 
polyimide-glass and thus reduces the total 
cost of the board. 
85 Copper-clad polyimide-glass laminate is 
available as a commercial item. This allows 
the board of Figure 1 to be manufactured in a 
simple manner. The necessary epoxy-glass 
laminates are prepared in the conventional 
90 manner used for the manufacture of multilayer 
boards. Similarly a polyimide-glass laminate is 
given the pattern of the voltage plane 6. 
These laminates are assembled in a stack with 
the polyimide-glass laminate as one outer 
95 layer and having the plane 6 facing inwards. 
The laminates are interleaved with sheets of 
pre-preg (partially cured epoxy-glass) and the 
whole bonded together by heating to com- 
plete the cure, which requires only the lower 

1 00 temperatures and shorter times appropriate to 
epoxy-glass rather than those required for 
polyimide-glass. It should be noted that the 
plane 6 is thus bonded to one of the sheets of 
pre-preg and no substantial regions of epoxy- 

1 05 glass and polyimide-glass are in contact, thus 
overcoming problems which can occur if joints 
between these materials must be relied on. 
Outer conductive patterns are then defined 
and holes to be plated are drilled. The board 

1 1 0 is then plated, following which non-plated 
holes are drilled and solder resist applied. 

Figure 3 illustrates one possible disposition 
of holes for a pin grid array package having 
pins arranged in four concentric squares. Non- 

1 1 5 plated holes 20 for these pins similar to the 
hole 8 are in a region 21 . Each of these holes 
is linked to an associated through-hole 22 
similar to the hole 4 and either inside or 
outside the region 21 . It will be appreciated 

1 20 that only a few of the holes have been shown 
in Figure 3. We prefer to connect each non- 
plated hole by a link to a plated through-hole 
in the interests of systematic design, but if 
d sired tracks may run straight from one non- 

125 plated hoi (i.e. pin) to another, for xampl 
on an ther component or an edg connect r. 

As xamples of suitable dim nsions the 
board may be 0.1 14 inches (2.896mm) thick, 
the polyimide layer 0.005 inches (0.127mm) 

130 thick, conductive layers 0.0014 inches 
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(0.0356mm) thick and the solder resist 0.002 
to 0.003 inch s (0.0508 to 0.0762mm) 
thick. The pins may project 0.040 to 0.080 
inches (1.016 to 2.032mm) beyond the sur- 
5 face of the board. 

We have found that a composite board of 
epoxy-glass with an outer layer of polyimide- 
glass as described is less subject to damage 
when a component is removed than an all- 

10 epoxy-glass board, even if the pins are sol- 
dered in plated through-holes. It is then pos- 
sible in certain applications, especially if the 
board is relatively thin, say up to 60 thou 
thick, to remove a component mounted in 

15 such a way by sucking solder from individual 
pins with no more than an acceptable amount 
of damage. 

While the solder resist/thermal barrier gives 
added protection to the board integrity it may 
20 be omitted for applications where the reliabil- 
ity of the connections inside the hole is not at 
a premium. 



beyond the conductiv pads; and sold ring 
the projecting ends f th pins to the pads. 

6. A multilayer printed circuit board con- 
structed as hereinbefore described with refer- 

70 ence to the accompanying drawing. 

7. A method of manufacturing a multilayer 
printed circuit board assembly as hereinbefore 
described with reference to the accompanying 
drawing. 

Printed in the United Kingdom for 

Her Majesty's Stationery Office, Dd 8818935, 1985. 4235. 
Published at The Patent Office, 25 Southampton Buildings, 
London. WC2A 1AY, from which copies may be obtained. 



CLAIMS 

25 1 . A multilayer printed circuit board includ- 
ing; alternate layers of epoxy-glass and con- 
ductive material; a polyimide-glass layer on 
one face of the circuit board; and conductive 
pads on the outer face of the polyimide-glass 

30 layer for connection to component connection 
pins; the arrangement being effective to re- 
duce the risk of damage to the circuit board 
during removal and replacement of compo- 
nents mounted thereon. 

35 2. A multilayer printed circuit board as 
claimed in Claim 1 including; a pattern of 
holes extending through the layers of the 
circuit board and arranged to receive the 
connection pins, at least some of the holes 

40 passing through said conductive pads. 

3. A multilayer printed circuit board as 
claimed in Claim 1 or 2 in which a substan- 
tially complete layer of conductive material 
extends between the polyimide-glass layer and 

45 the adjacent epoxy-glass layer. 

4. A method of manufacturing a multilayer 
printed circuit board assembly including the 
steps of; forming a stack by bonding together 
a plurality of epoxy-glass layers carrying con- 

50 ductive portions and an overlying layer of 
polyimide-glass having conductive areas in- 
cluding conductive pads on its outer face; 
locating a component having connection pins 
on the circuit board so that at least some of 

55 the connection pins engage said conductive 
pads; and soldering the pins to the pads. 

5. A method of manufacturing a multilayer 
print d circuit assembly as claimed in Claim 4 
including the further steps of; forming holes 

60 through the bonded layers to accomm date 
said connection pins, at least s me of the 
hoi s passing through said conductive pads; 
locating the comp nent on th circuit board 
so that th connection pins xtend through 

65 the hoi s and the ends of th pins proj ct 



